Tabular study of the number of groups of order N by Patten, Lynn Ray
TABULAR STUDY 





INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.
In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.
uest
ProQuest 10781899
Published by ProQuest LLC(2018). Copyright of the Dissertation is held by the Author.
All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode
Microform Edition © ProQuest LLC.
ProQuest LLC.
789 East Eisenhower Parkway 
P.O. Box 1346 
Ann Arbor, Ml 48106- 1346
T-1636
A Thesis submitted to the Faculty and the Board of Trustees of the 
Colorado School of Mines in partial fulfillment of the requirements for 














E. T. Bell states, **For any given order the number of distinct groups 
(having different multiplication tables) is finite, but what this number 
may be for any given order (the general order n) is not known -- nor like­
ly to be in our lifetime •" It is toward this goal that this thesis is 
aimed •
The standard approach of relating partitioning to the number of abe­
lian groups of any order is used to start the construction of these groups. 
Construction is then carried out using only the representative multiplica­
tion tables.
Based upon the tabular construction of the abelian groups, a method 
is presented which allows the construction of many non-abelian groups. It 
is strictly a tabular approach; it does not have a closed algebraic for­
mula associated with it as yet. In its current status the method does not 
generate all the non-abelian groups of a general order, however, it does 
show great promise of being expanded upon.
iAKe, 
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The algebraic structure known as a group serves as one of the fun­
damental building blocks for the subject which is today called abstract 
algebra.
Groups are systems of single composition. Each consists of a set 
of elements and a single binary operation such that each ordered pair of 
elements of the set has associated with it, through the binary operation, 
a third element of the set. These algebraic systems are subject to cer­
tain rules which are explicitly spelled out in what we call the axioms or 
postulates defining the system.
Many cases of this special structure were studied toward the end of 
the eighteenth, and at the beginning of the nineteenth, century, yet it 
was not until relatively late in the nineteenth century that the notion 
of an abstract group was introduced.
Definition and Related Properties of a Group
All of the ideas brought forward later for determining the number 
of, and constructing, groups of any particular order require a working 
knowledge of some of the more important definitions, theorems, and lem­
mas used in group theory. Those that follow are listed only because they 
concern properties to be used later; they are not intended to be a full 
foundation,
A nonempty set of elements G is said to form a group if in G there 
is a defined binary operation, often called the product, denoted by *
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such thati
(1) a,b£G Implies that a*b£G (i.e. G is closed with respect 
to *)}
(2) a,b,c£G implies that a*(b*c) » (a*b)*c (i.e. * is associa­
tive) |
(3) there exists an' element e £ G such that' a*e = e*a = a for all 
a£ G (i.e. G contains an identity element)} and
(4) for every a £ G there exists an element a~* £ G such that
-i -1a*a =a *a = e (i.e. G contains an inverse element for 
each element in G).
A group G is said to be abelian (or commutative) if for every a,b£G, 
a*b = b*a. A group which is not abelian is called non-abelian.
Another natural characteristic of a group G is the number of elements 
it contains. This is called the order of G and is denoted by o(G). The 
only orders considered here will be those that are finite. (Notes if G is 
a group and a£G, the order (or period) of a is the least positive inte­
ger m such that am*e.)
A group G is said to be cyclic if there exists an element a€G such 
that every element of G is of the form a^ for some integer k (positive, 
negative, or zero). Such an element is called a generator of the group.
A subset H of a group G is said to be a subgroup of G if, under the 
product in G, H itself forms a group.
If G is a group, then
(1) the Identity element of G is unique;
(2) every a£G has a unique inverse ig Gj
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(3) for every aGG, (a"b"^x4| and
(4) for all a,b£G, (a*b)“l*b~l*a“l.
Given a,b in the group G( then the equations a*x= b and y*a = b have 
unique solutions for x and y in G. In particular the two cancellation 
laws,
hold in G.
If G is a finite group and H is a subgroup of G, then o(H) is a di­
visor of o(G)j if G is a finite group and a£G, then o(a) is a divisor 
of o(G). If G is a finite group whose order is a prime number p , then G 
is a cyclic group.
Short History and Applications of the Theory of Groups
The theory of substitutions, begun systematically by Cauchy, and 
elaborated by him in a long series of papers in the middle 1840's, devel­
oped into the theory of groups, Cauchy perceived the operations and their 
laws of combination underlying the symmetries of algebraic formulas and 
isolated them,
Galois was also one of the great pioneers in this abstract theory.
As he was dying after an affair of "honor," he frantically scrawled out­
lines of a few of the great things in his teeming mind. Among other 
things, he found under what conditions a polynomial equation can be 
solved. In this great work of 1832, Galois used the theory of groups 
with brilliant success.
Among the more contemporary algebraists working in the area of group
a*u=-a*w- implies u = w, and
u*a = w*a implies u = w,
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theory is Marshall Hall, As well as books on general group theory, he 
has tangled with the question of how many distinct groups of a particular 
order exist. One of his works dealing with this question, The Groups of 
Order 2n (n<6), was produced in collaboration with James Senior, another 
prominent algebraist.
Today this elementary, yet intricate, theory is of fundamental im­
portance in many fields of pure and applied mathematics, from the theory 
of algebraic equations to geometry and the theory of atomic structure.
It underlies the theory of the geometry of crystals, to mention but one 
of its applications. Its later developments (on the analytical side) ex­
tend far into higher mechanics and the modern theory of differential equa­
tions, The bibliography includes references which expand upon such appli­
cations of abstract groups.
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ABELIAN GROUPS
The abelian groups have been studied In greater detail than the non- 
abelian groups• The exact number of these "commutative" groups has been 
determined for the general order n and construction Is simple.
Number of Abelian Groups
In short, the number of distinct abelian groups of order p°̂q'3... r̂ ,
P»<1* ••• »r distinct primes, is p(o0p(/3) ••• p(?0» this being the product of
the number Of partitions of the powers of the prime factors of the order.
As proof it is sufficient to consider a group G of order pn, pa prime
number. Herstein (1964, p. 164) provides a neat proof of this case.
G is the direct product of cyclic groups Ĝ , ... ,Ĝ  repectively of 
nl nkorders p , ... ,p • Since the product of G^ and Ĝ , l^i<j^k, is di­
rect, G±C]G^(e); that is o(Ĝ Gj) « o(Gi)o(Gj)/o(Gin Ĝ ) * o(Gi)o(Gj)/o((e))
m  n4 U4+n̂  „ ni+no+...+ni,
• oCG^oCGjJap P J = P Now pn*o(G)»o(G1G2 ...Gk)=p 1 c K.
Thus ni+n2+ ... +n^ = n. Furthermore, if n̂ , ... ,n̂  were originally selec­
ted such that n^s-ng^ ••• ̂ n^, n̂ , ... n̂̂  forms a partition of n.
k
Now, if a partition of n is such that d = H). , an abelian groupis 1.
of order pn may be constructed. Let G be the direct product of the Ĝ ,
i = l» • •• ,k. G is therefore an abelian group of order pn.
It should be noted that each partition of n will yield a different 
group of order pn. Thus, if p(n) is the number of partitions of n , the 
number of non-isomorphic groups of order pn is p(n).
As a specific example, let us examine the groups of order 12. Since
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‘■Mss,
the number 12 may be represented by the product 2 x3 » there are two
(p(2)p(i) 58 2»1 = 2) abelian groups of order 12,
At this point it should be noted that the number 12 may be represen­
ted by different combinations of the prime factors resulting in four dif­
ferent representationsi 3x4» 2x2x3» 2x6 and 12, The four direct products 
related to these representations may be reduced to two by observing that 
the direct product of two cyclic groups of relatively prime orders re­
sults in a cyclic group of order equal to the product of the original or­
ders, e,g* the direct product of the cyclic group of order 3 and the cy­
clic group of order 4 is the cyclic group of order 12,
With this in mind, the two abelian groups we are left with are the 
cyclic group of order 12 and the product of the cyclic groups of orders 
2 and 6,
Construction of Abelian Groups
Before tabular construction of the "multiplication tables" for the 
abelian groups can begin, the various distinct products that may be used 
must be determined.
Although the direct products for order 12 have already been deter­
mined and the two preferred products are 12 and 2x6, the direct product 
2x2x3 will be used here to demonstrate the tabular method of constructing 
the abelian groups since it will give a better idea of what to do about 
direct products of many cyclic groups than will a two-component direct 
product. As was noted earlier, the direct product 2x2x3 is isomorphic to 
the direct product 2x6, Isomorphisms, or one-to-one mappings, will be 
discussed later.
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No matter what the direct product is, the first item to be guaran­
teed in the "multiplication table" is the identity of the group. (Notei 
all tables shown will be generated with the natural numbers as the ele­
ments of the group and the identity will be selected as the number 1.) 
Thus, after the first step, the table under construction should look like 
figure 1.1.
Now, since the abelian groups are generated by direct products, the 
particular product to be used must now be considered. The table is to be 
divided into squares of equal size allowing the generation of subgroups. 
The smallest of the numbers involved in the direct product should be se­
lected in order to facilitate the fastest construction possible. If more 
than two groups are involved in the direct product, the subdivision of the 
original table must be carried into sublevels. The size of the final 
squares should be equivalent to the largest number in the direct product. 
For the example product 2x2x3» two levels are necessary —  figures 1.2 
and 1.3*
In each of these last two figures are some letters. It should be 
noted that these are in the same cyclic arrangement as a cyclic group and 
will be used as the subdivisions are ascended. Each square of the table 
will be filled in with a cyclic pattern of elements and each subdivision 
will eventually be completed in a cyclic pattern.
First, the upper, left-hand square is filled in in its cyclic array 
—  figure 1.4. Then, for the lowest subdivision, this square is repeated 
in the positions that the identity would normally occupy in a cyclic 
group —  figure 1,5* Now, the rest of the squares in this subdivision
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are filled in with a cyclic array similar to that of the first square but 
with the elements indicated by the square *s position in the subdivision ~  
figure 1,6. If higher subdivisions are present this process is repeated 
—  figures 1*7 and 1.8 —  until the table is complete.
This stacking of cyclic patterns is very similar to the manner in 
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After successfully determining the number of abelian groups for a par­
ticular order and constructing all of the groups in a systematic way, we 
now look at the non-abelian groups.
Number of Non-Abelian Groups
The determination of the number of non-abelian groups of a particular 
order has not yet been solved, either algebraically or constructively. As 
a result, the total number of groups is not known for the general order.
A complete solution to this problem will not be attempted here. In­
stead, a tabular method for constructing many of the non-abelian groups of 
an even order will follow. The possible use of variations on this method 
could lead to the construction of those groups that are missing, allowing 
a determination of the number of non-abelian groups of a particular order. 
The next step would then be to set up an algebraic formula for this deter­
mination like that used for the abelian groups.
Construction of Non-Abelian Groups
Construction of non-abelian groups is not easy primarily because of 
the lack of commutivity of the elements. A simple solution, and a hasty 
one at that, would be to follow the same pattern as was followed for the 
abelian groups. Some, but not all, of the non-abelian groups are genera­
ted by direct products involving non-abelian groups. An example would be 
a group of order 12 from the direct product of the non-abelian group of 
order 6 and the group of order 2 —  figure 2,1, Since there is no direct
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product which will result in a group such as the non-abelian group of or­
der 6, we are forced to an alternate method of constructing these groups.
The first step in the construction of a non-abelian group is the same 
as that for abelian groups the construction of an identity element —  
figure 1.1. Now, there is a wide variety of choices of cyclic patterns 
that may'be' assigned to the columns of "the multiplication table. For in­
troductory purposes, only one pattern will be examined using order 12. The 
pattern works only for even-ordered groups and requires the odd columns to 
be filled in as they would be for the cyclic group —  figure 2.2.
Next, the element 3 is to be placed in a position in column 2 which 
will allow cyclic generation of the column. The letters in figure 2.2 des­
ignate those positions which are allowable; the element 3 niay be placed in 
a-position that is a prime number of rows, with respect to the order, from 
the element 2. The spacing between the elements 2 and 3 must be maintained
between all succeeding, consecutive elements as they are entered in order.
If the bottom of the column is reached, the cycle is continued from the top 
of the column. A sequence of columns as column 2 would appear during gen­
eration from position B is shown in figure, 2,3; the resulting table is 
shown in figure 2.4 if the element in position 2*4 is omitted,
A check should now be made for commutivity. If the product of the
elements 2*3 yields the same element as the product 3*2, the pattern will
result in an abelian group and therefore may be discarded (patterns A and 
C).
Any patterns left should now have a "quick" check made for associa­
tivity. The product 2*4*2 is a good one for this check and requires only
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one additional element to be filled in at this point —  the element imme­
diately following the element 4 in column 2 most be entered in the posi­
tion 2*4 —  figure 2.4. (Several "potential groups" of order 16 may be 
eliminated in this way.)
Completion of the tables from any patterns which pass this last check 
is accomplished by copying the elements from column 2 into the remaining 
columns, starting with the element at the head of each column —  figure 
2.5* Figure 2.6 shows the completed table for the only other position (po­
sition D) that results in a non-abelian group of order 12. The group re­
presented is isomorphic to that of figure 2.1 and will be used in its place.
The isomorphisms involved will be shown later.
All tables should now have a final check made for associativity of all 
triplets. This may best be done by computer.
Not all of the non-abelian, even-ordered groups can be generated from
this pattern as is evidenced by Â , the alternating group of order 12. How­
ever, the different cyclic arrangements possible for each of the columns in 
a table may even solve this problem and allow an algebraic formula to be de­






















For many years algebraists have been struggling to find out how many
/
distinct groups of a general order exist. E. T. Bell (1939t P* 281) states,
\
"For any given order the number of distinct groups (having different multi­
plication tables) is finite, but what this number may be for any given or- 
der (the general order n) is not known —  nor likely to be in our lifetime,"
Synthesis
The number of abelian groups of a general order has been satisfacto­
rily determined as the product of the number of partitions of the expo­
nents of the prime factors of the order. Knowing this, the distinct di­
rect products can be determined and the multiplication tables can be gen* 
erated.
With the number of abelian groups known for a particular order, the 
problem then arises as to how many non-abelian groups exist. This cannot 
yet be answered by an algebraic formula; it can be answered, in part, by 
the generation of the multiplication tables. The method presented does 
not, by itself, generate all of the non-abelian groups of a particular or­
der, but it does show promise of being expanded upon.
Appendix A contains the tables of all the groups through order 15 and
data on the number of groups through order 20. These will be very useful




As with any method, there are places where one might go astray. The 
two most common pitfalls associated with the construction of groups are, 
tables lacking associativity, which therefore cannot represent groups, and 
tables yielding isomorphic groups.
Associativity is the hardest one of the four defined properties of a 
group to check. We can guarantee an identity by constructing an identity 
element in the first step. We can guarantee closure and inverses by mak­
ing sure each element appears once, and only once, in each column and row. 
However, since associativity must apply to each triplet of elements within 
the group, each triplet must be checked.
A hand check of associativity is not feasible; for a group of the
3general order n , there are n*n*n= n triplets. Use of a computer seems 
to be one practical way out of this dilemma. Appendix B contains a pro­
gram written in FORTRAN IV that is capable of checking associativity in 
groups up to order 30. Running times are fast (0,57 sec for order 15) 
since the program is entirely logic. Accompanying the program is a fac­
simile of a sample run. One of the matrices which was accidentally gen­
erated in an earlier attempt to generate non-abelian groups is included 
to demonstrate non-associativity —  figure 3«1« Entries in the matrix 
representation of the proposed group to be checked for associativity must 
be natural numbers and the identity element must be 1. This is necessary 
because the program uses the values it finds as indices for the row and 
column of a second "look-up" for each triplet.
T-1636 19
Isomorphisms are even more difficult to spot* An isomorphism is a 
one-to-one, operation-preserving function which transforms one group into 
another* Two examples of isomorphisms were pointed out earlier* One of 
these isomorphisms is shown in greater detail in figure 3*2* Experience 
is the only key to solving this problem* However, an isomorphism may oc­
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* 1 2 3 4 5 6 7 8 * 1 2 3 if 3 6 7 8
1 1 2 3 4 5 6 7 8 1 1 2 3 if 5 6 7 8
2 2 3 5 6 7 8 1 2 2 3 if 1 6 7 8 5
3 3 4 5 6 7 8 1 2 3 3 if 1 2 7 8 5 6
if if 5 6 7 8 i 2 3 if 1 2 3 8 5 6 7
5 5 6 7 8 1 2 3 5 5 6 7 8 1 2 3 if
6 6 7 8 1 2 3 4 5 6 6 7 8 5 2 3 if i
7 7 8 1 2 3 5 6 7 7 8 5 6 3 if 1 2
8 8 1 2 3 if 5 6 7 8 8 5 6 7 if 1 2 3
* 1 2 3 if 5 6 7 8
1 1 2 3 if 5 6 7 8
2 2 1 if 3 6 5 8 7
3 3 if i 2 7 8 5 6
if if 3 2 1 8 7 6 5
5 5 6 7 8 1 2 3 if
6 6 5 8 7 2 1 if 3
7 7 8 5 6 3 if 1 2
8 8 7 6 5 if 3 2 1
^lS 5 ?r
* 1 2 3 if 5 6 7 8 * 1 2 3 if 5 6 7 8
1 i 2 3 4 5 6 7 8 1 1 2 3 if 5 4 7 8
2 2 5 if 7 6 1 8 3 2 2 1 if 3 5 if 8 7
3 3 8 5 2 7 if 1 6 3 3 8 5 2 7 if 1 6
if if 3 6 5 8 7 2 1 if if 7 6 1 8 3 2 5
5 5 6 7 8 1 2 3 if 5 5 6 7 8 i 2 3 if
6 6 1 8 3 2 5 if 7 6 6 5 8 7 2 1 if 3
7 7 if 1 6 3 8 5 2 7 7 if 1 6 3 8 5 2
8 8 7 2 1 if 3 6 5 8 8 3 2 5 if 7 6 1
* 1 2 3 if 5 6 7 8 9 1 2 3 if 5 6 7 8 9
1 1 2 3 if 5 6 7 8 9 i 1 2 3 if 5 6 7 8 9
2 2 3 if 5 . 6 7 8 9 1 2 2 3 1 5 6 if 8 9 7
3 3 if 5 6 7 8 9 1 2 3 3 1 2 6 if 5 9 7 8
if if 5 6 7 8 9 1 2 3 if if 5 6 7 8 9 1 2 3
5 5 6 7 8 9 1 2 3 if 5 5 6 if 8 9 7 2 3 1
6 6 7 8 9 1 2 3 if 5 6 6 if 5 9 7 8 3 1 2
7 7 8 9 1 2 3 if 5 6 7 7 8 9 i 2 3 if 5 6
8 8 9 1 2 3 if 5 6 7 8 8 9 7 2 3 1 5 6 if
9 9 1 2 3 if 5 6 7 8 9 9 7 8 3 i 2 6 if 5
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* 1 2 3 4 3 6 7 8 9 10 111 1 2 3 4 5 6 7 8 9 10 112 2 3 k 5 6 7 8 9 10 11 1
3 3 5 6 7 8 9 10 11 1 2
4 5 6 7 8 9 10 11 1 2 3
5 5 6 7 8 9 10 11 1 2 36 6 7 8 9 10 11 1 2 3 4 5
7 7 8 9 10 11 1 2 3 4 5 68 8 9 10 11 1 2 3 4 5 6 7
9 9 10 11 1 2 3 4 5 6 7 810 10 11 1 2 3 4- 5 6 7 8 911 11 1 2 3 4 5 6 7 8 9 10
9 10 11 12




12 9 2 11 4 1 6 3 8 5 10 712
10
This group (Â ) is not generable by di­
rect application of the methods given*
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* 1 2 3 4 5 6 7 8 9 10 11 12 13
1 1 2 3 if 5 6 7 8 9 10 11 12 13
2 2 3 4 5 6 7 8 9 10 11 12 13 1
3 3 4 5 6 7 8 9 10 11 12 13 1 2
if if 5 6 7 8 9 10 11 12 13 1 2 3
5 5 6 7 8 9 10 11 12 13 1 2 3 if
6 6 7 8 9 10 11 12 13 1 2 3 if 5
7 7 8 9 10 11 12 13 1 2 3 if 5 6
8 8 9 10 11 12 13 1 2 3 if 5 6 7
9 9 10 11 12 13 1 2 3 if 5 6 7 8
10 10 11 12 13 1 2 3 if 5 6 7 8 9
11 11 12 13 1 2 3 if 5 6 7 8 9 10
12 12 13 1 2 3 if 5 6 7 8 9 10 11
13 13 1 2 3 4 5 6 7 8 9 10 11 12
* 1 2 3 if 3 6 7 8 9 10 11 12 13 lif
1 1 2 3 if 5 6 7 8 9 10 11 12 13 lif
2 2 3 if 5 6 7 8 9 10 11 12 13 lif 1
3 3 if 5 6 7 8 9 10 11 12 13 lif 1 2
if if 5 6 7 8 9 10 11 12 13 lif 1 2 3
5 5 6 7 8 9 10 11 12 13 lif 1 2 3 if
6 6 7 8 9 10 11 12 13 lif 1 2 3 if 5
7 7 8 9 10 11 12 13 lif 1 2 3 if 5 6
8 8 9 10 11 12 13 lif 1 2 3 if 5 6 7
9 9 10 11 12 13 lif 1 2 3 if 5 6 7 8
10 10 11 12 13 lif 1 2 3 if 5 6 7 8 9
11 11 12 13 lif 1 2 3 if 5 6 7 8 9 10
12 12 13 lif 1 2 3 if 5 6 7 8 9 10 11
13 13 lif 1 2 3 if 5 6 7 8 9 10 11 12
iif 1^ 1 2 3 if 5 6 7 8 9 10 11 12 13
* 1 2 3 if 5 6 7 8 9 10 11 12 13 lif
1 1 2 3 if 5 6 7 8 9 10 11 12 13 lif
2 2 1 if 3 6 5 8 7 10 9 12 11 lif 13
3 3 lif 5 2 7 if 9 6 11 8 13 10 1 12
if if 13 6 1 8 3 10 5 12 7 lif 9 2 11
5 5 12 7 lif 9 2 11 if 13 6 1 8 3 10
6 6 11 8 13 10 1 12 3 lif 5 2 7 if 9
7 7 10 9 12 11 lif 13 2 1 if 3 6 5 8
8 8 9 10 11 12 13 lif 1 2 3 if 5 6 7
9 9 8 11 10 13 12 1 lif 3 2 5 if 7 6
10 10 7 12 9 lif 11 2 13 if 1 6 3 8 5
11 11 6 13 8 1 10 3 12 5 lif 7 2 9 if
12 12 5 lif 7 2 9 if 11 6 13 8 1 10 3
13 13 if 1 6 3 8 5 10 7 12 9 lif 11 2
lif lif 3 2 5 if 7 6 9 8 11 10 13 12 1
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* 1 2 3 4 5 6 7 8 9 10 11 12 13 14 151 1 2 3 4 5 6 7 8 9 10 11 12 13 14 152 2 3 4 5 6 7 8 9 10 11 12 13 14 15 1
3 3 4 5 6 7 8 9 10 11 12 13 14 15 1 24 4 5 6 7 8 9 10 11 12 13 14 15 1 2 3
5 5 6 7 8 9 10 11 12 13 14 15 1 2 3 46 6 7 8 9 10 11 12 13 14 15 1 2 3 4 5
7 7 8 9 10 11 12 13 14 15 1 2 3 4 5 68 8 9 10 11 12 13 14 15 1 2 3 4 5 6 7
9 9 10 11 12 13 14 15 1 2 3 4 5 6 7 810 10 11 12 13 14 15 1 2 3 4 5 6 7 8 911 11 12 13 14 15 1 2 3 4 5 6 7 8 9 1012 12 13 14 15 1 2 3 4 5 6 7 8 9 10 11
13 13 14 15 1 2 3 4 5 6 7 8 9 10 11 12
14 14 15 1 2 3 4 5 6 7 8 9 10 11 12 13











5 1 06 1 1
7 1 08 3 2









19 1 020 2 3(1)
Numbers In parentheses indicate the number 
of groups not generated with the given 
methods
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APPENDIX Bi COMPUTER PROGRAM FOR ASSOCIATIVITY
DIMENSION M(30,30)
1000 READ (4,100) N
100 FORMAT (I)
IF (N.EQ.0) STOP 




2 READ (4,101) (M(I,J),J=1,N)
101 FORMAT (301)
DO 3 1=1.N 
DO 3 Jal.N 
DO 3 K=1,N
IF (M(M(I,J),K).NE.M(I,M(J,K))) GO TO 4
3 CONTINUE 
WRITE (4,200)
200 FORMAT (' THE GROUP IS ASSOCIATIVE1,//)
GO TO 1000
4 WRITE (4,201) I,J,K




This computer program is designed to check associativity for groups 
up to order 30. Transference of data is through the teletype (device 4). 
The order of the group is entered first and then the matrix representation 
is entered, one row at a time. When the matrix is complete the computer 
will either reply that the group is associative or give the first triplet 
that fails the test. A sample run follows. Underlining indicates the com­
puter's responses. Termination of the program is achieved by entering a 



























THE GROUP IS ASSOCIATIVE 
0
CPU TIMEi 0.39 ELAPSED TIMEt 4i22,62 
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